Angiotensin II (ANG II) contributes to hypertension, cardiac hypertrophy, fibrosis, and dysfunction; however, it is difficult to separate the cardiac effect of ANG II from its hemodynamic action in vivo. To overcome the limitations, we used transgenic mice with cardiac-specific expression of a transgene fusion protein that releases ANG II from cardiomyocytes (Tg-ANG II) and treated them with deoxycorticosterone acetate (DOCA)-salt to suppress their systemic renin-angiotensin system. Using this unique model, we tested the hypothesis that cardiac ANG II, acting on the angiotensin type 1 receptor (AT 1R), increases inflammation, oxidative stress, and apoptosis, accelerating cardiac hypertrophy and fibrosis. Male Tg-ANG II mice and their nontransgenic littermates (n-Tg) were uninephrectomized and divided into the following three groups: 1) vehicle-treated normotensive controls; 2) DOCA-salt; and 3) DOCA-salt ϩ valsartan (AT 1R blocker).Under basal conditions, systolic blood pressure (SBP) and cardiac phenotypes were similar between strains. In DOCA-salt hypertension, SBP increased similarly in both n-Tg and Tg-ANG II, and cardiac function did not differ between strains; however, Tg-ANG II had 1) greater ventricular hypertrophy as well as interstitial and perivascular fibrosis; 2) a higher number of deoxynucleotidyl-transferase-mediated dUTP nick end labeling-positive cells and infiltrating macrophages; 3) increased protein expression of NADPH oxidase 2 and transforming growth factor-␤ 1; and 4) downregulation of phosphatidylinositol 3-kinase (PI 3-kinase) and protein kinase B (Akt) phosphorylation. Valsartan partially reversed these effects in Tg-ANG II but not in n-Tg. We conclude that, when hemodynamic loading conditions remain unchanged, cardiac ANG II does not alter heart size or cardiac functions. However, in animals with hypertension, cardiac ANG II, acting via AT1R, enhances inflammation, oxidative stress, and cell death (most likely via downregulation of PI 3-kinase and Akt), contributing to cardiac hypertrophy and fibrosis. inflammation; oxidative stress; cardiac hypertrophy; fibrosis ANGIOTENSIN II (ANG II), the principal effector of renin-angiotensin system (RAS) binds to two types of cell surface receptors, type 1 (AT 1 R) and type 2 (AT 2 R). Most well-known biological actions of ANG II are mediated by the AT 1 R (26). Studies have indicated that ANG II not only functions as a circulating vasoconstrictor, causing hypertension, but also acts locally as a paracrine and autocrine hormone to promote cell growth, apoptosis, inflammation, oxidative stress, and tissue damage, ultimately leading to cardiac hypertrophy, fibrosis, and heart failure (20, 30).
damage, ultimately leading to cardiac hypertrophy, fibrosis, and heart failure (20, 30) .
There is evidence that all components of the RAS, including its receptors, are found in the heart and become upregulated in hypertrophy and ischemia (3, 17, 37) . ANG II concentration is also reportedly higher in the heart than in plasma (17, 37) . Thus locally produced ANG II might act in both a paracrine and autocrine manner to promote inflammation, oxidative stress, and cell growth and/or death and in this way contribute to cardiac hypertrophy, fibrosis, and dysfunction (10, 16, 19, 39) . However, in vivo, it is difficult to separate local effects of ANG II from its hemodynamic action. Moreover, although blocking the RAS with angiotensin-converting enzyme inhibitors or ANG II receptor blockers has been shown to reduce morbidity and mortality in patients with cardiovascular disease, it is unclear whether their cardioprotective effects are due to systemic RAS inhibition and/or a direct action on the heart.
To overcome these limitations, van Kats et al. (37) developed transgenic mice with cardiac-specific overexpression of ANG II (Tg-ANG II). These mice have a transgene construct encoding a fusion peptide that releases ANG II directly from cardiomyocytes without involvement of renin. We previously reported that cardiac homogenates from these mice contain 10-to 15-fold higher concentration of ANG II than their nontransgenic littermates (n-Tg), even though systolic blood pressure (SBP) and plasma ANG II are the same in both strains (40) . Under basal conditions, Tg-ANG II mice exhibit a slight increase in cardiac collagen but not cardiac hypertrophy (37) . When a hemodynamic load such as myocardial infarction (MI) is applied, Tg-ANG II develop more severe myocyte hypertrophy and interstitial fibrosis than n-Tg (37, 40) . Unfortunately, these findings are of limited value because MI activates not only the cardiac but also the systemic RAS, which makes it difficult to separate the cardiac effect of ANG II from its hemodynamic action.
To overcome these limitations, we induced deoxycorticosterone acetate (DOCA)-salt hypertension in Tg-ANG II mice to create a model of low-circulating renin-ANG II but high ANG II in the heart. In this model, cardiac ANG II is generated by the protease furin acting on the bioengineered fusion protein encoded by the transgene, and its production is completely independent of blood pressure or systemic renin concentration.
Using this approach, we tested the hypothesis that cardiac ANG II acts locally via the AT 1 R, increasing inflammation, oxidative stress, and apoptosis and accelerating cardiac hypertrophy and fibrosis.
MATERIALS AND METHODS
Animals. Twelve-week-old male cardiac Tg-ANG II mice were developed by van Kats et al. (37) . These mice have a transgene construct encoding a fusion peptide that releases ANG II directly from cardiomyocytes when the ANG II-containing precursor protein is cleaved by natural protease furin. The cleavage site for the protease that releases the ANG II peptide is very specific for furin, which is ubiquitously found only in the secretory pathway. Because of this design, ANG II can only be generated in the secretory pathway and gets released from the cells in conjunction with the remainder of the fusion protein without requirement of the RAS.
Tg-ANG II mice were on mixed FVB/N and C57BL/6 genetic background. They were generated by mating transgene hemizygotes and nontransgenic littermates, which provides hemizygotes (Tg-ANG II) and nontransgenic offspring (n-Tg) in approximately equal numbers. Their genotypes were determined by PCR using genomic DNA isolated from tail biopsies as the template and primers. Four primers are used in a single reaction: Tim210 (5=-TTCTCATGCAACGTGAGAC-3=); Tim547 (5=-TGGTGATACAAGGGACATC-3=); Nos3A (5=-ATGGCGAAGCGT-GTGAAGGCAACCAT-3=); and Nos3B (5=-CCATTGCCAAATGT-GCTGGTCACCAC-3=).
Tim210 and Tim547 amplify an Ϸ400-bp fragment in the presence of an ANG II transgene, whereas Nos3A and Nos3B amplify an Ϸ550 bp fragment from the wild-type eNOS gene and are used as internal amplification control n-Tg (40) . Tg-ANG II and n-Tg mice were housed in an air-conditioned room with a 12:12-h light-dark cycle, received standard mouse chow, and drank tap water. This study was approved by the Institutional Animal Care and Use Committee of Henry Ford Health System. All studies in animals were conducted in accordance with the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals.
Induction of DOCA-salt hypertension. Tg-ANG II and their n-Tg controls were anesthetized with pentobarbital sodium (50 mg/kg ip), Fig. 1 . Effect of cardiac overexpression of angiotensin II (ANG II) and angiotensin type 1 (AT1) receptor blocker (valsartan) on systolic blood pressure (SBP) and cardiac hypertrophy in mice with deoxycorticosterone acetate (DOCA)-salt hypertension. A: SBP. B: total heart weight (THW, left) and left ventricular (LV) mass (right). Tg-ANG II, transgenic mice with cardiac overexpression of ANG II; n-Tg, nontransgenic littermates; MI, myocardial infarction; BW, body wt. n ϭ 8 -11 mice. *P Ͻ0.05 and **P Ͻ0.01, DOCA-salt or DOCA-salt ϩ valsartan vs. vehicle within strain. †P Ͻ 0.05, DOCA-salt ϩ valsartan vs. DOCA-salt within strain.
uninephrectomized via a retroperitoneal flank incision, and divided into the following three groups: 1) normotensive controls (vehicle): mice were subcutaneously implanted with a silicone rubber sheet without DOCA and received tap water as drinking fluid; 2) DOCA-salt hypertension: mice were implanted with a silicone rubber sheet containing 10 mg/10 g of body wt DOCA and drank 1% saline containing 0.2% KCl; and 3) DOCA-salt ϩ valsartan (50 mg·kg Ϫ1 ·day
Ϫ1
, via gavage initiated 4 wk after DOCA-salt and continued for 4 wk) (31) . The total experimental period was 8 wk.
Measurement of blood pressure and cardiac function and remodeling. SBP and heart rate were measured weekly using a noninvasive computerized tail-cuff system (BP-2000; Visitech, Apex, NC) as described previously (41) . Left ventricular (LV) ejection fraction and LV mass were evaluated with a Doppler echocardiographic system equipped with a 15-MHz linear transducer (c256; Acuson, Mountain View, CA) in awake animals as described previously (43, 44) .
Urine volume, albuminuria, and urinary 8-isoprostane excretion.
At the end of the 8-wk experiment, mice were placed in metabolic cages. After 2 days acclimatization, 24-h urine was collected. Urine samples were centrifuged, filtered, and stored at Ϫ20°C until assay. Urinary albumin was measured with a commercially available ELISA kit (Alpha Diagnostic, San Antonio, TX), and 8-isoprostane was measured with a enzyme immunoassay kit (Cayman Chemical, Ann Arbor, MI) (27) .
Plasma renin concentration. After urine collection, mice were anesthetized with pentobarbital sodium (50 mg/kg ip) and blood was collected in a microhematocrit tube by puncturing the retroorbital plexus. Plasma renin concentration (PRC) was determined with a commercially available RIA kit (DiaSorin, Stillwater, MN) and expressed as microgram ANG I per milliliter per hour.
Histopathological studies. After blood was withdrawn, the heart was stopped at diastole by intraventricular injection of 15% KCl (50 l). The Values are means Ϯ SE; n, no. of mice. HR, heart rate; EF, ejection fraction; U, urinary; DOCA, deoxycorticosterone acetate; valsartan, the angiotensin type 1 (AT1) receptor blocker; n-Tg, nontransgenic littermates; Tg-ANG II, transgenic mice with cardiac overexpression of angiotensin II. *P Ͻ 0.05, †P Ͻ 0.01, and ‡P Ͻ 0.001, DOCA-salt vs. vehicle within strains. hearts were removed and weighed. Heart weight was corrected by body weight and expressed as milligrams per 10 grams body weight. Left ventricle was then dissected and stored at Ϫ80°C for further assessment of myocyte cross-sectional area (MCSA) and interstitial collagen fraction (ICF) and perivascular collagen deposition (PVC). For MCSA and ICF, 6-m sections were double-stained with 1) fluorescein-labeled peanut agglutinin to delineate the MCSA and interstitial apace and 2) rhodamine-labeled Griffonia simplicifolia lectin I to show the capillaries (12, 42) . Images were taken at ϫ400 magnification using a microscope (IX81; Olympus America, Center Valley, PA) and a digital camera (DP70; Olympus America) and analyzed with a computerized image analysis system (MicroSuite Biological imaging software; Olympus America). ICF was determined by total interstitial space area minus capillaries and expressed as percent of total image area. Perivascular collagen was stained with picrosirius red using a modification of Sweat et al.'s (33) method. Perivascular fibrosis was expressed as the ratio of the fibrotic area immediately surrounding the vessel to cross-sectional area of the vessel (22) .
Immunohistochemical staining for macrophages. Frozen sections (6 m) were immunostained with rat anti-mouse CD68 antibody (a marker for mouse macrophages, 1:200; AbD Serotec, Raleigh, NC) and then counterstained with hematoxylin to show the nuclei. Images of 12 regions of the section were captured at ϫ400 magnifications. Positive cells, identified by their reddish-brown staining, were counted in a double-blind fashion by three individuals using MicroSuite Biological Suite software and expressed as cells per square millimeter of myocardium (40) .
Terminal deoxynucleotidyl-transferase-mediated dUTP nick end labeling staining. To evaluate myocardial apoptotic activity, the terminal deoxynucleotidyl-transferase-mediated dUTP nick end labeling (TUNEL) assay was performed with the ApopTag Plus Peroxidase in Situ Apoptosis Detection Kit (Millipore). This method takes advantage of DNA fragmentation, which is characteristic of apoptosis. Briefly, frozen sections (6 m) were fixed in freshly prepared 1% paraformaldehyde for 10 min and postfixed in a precooled 2:1 mixture of ethanol and acetic acid for 5 min at Ϫ20°C and incubated with 3% hydrogen peroxide to inhibit endogenous peroxidase for 5 min. After being washed with PBS for 15 min, the sections were soaked in the equilibration buffer of the kit for 10 s at room temperature (RT) and then terminal deoxynucleotidyl transferase reaction was carried out for 1 h at 37°C. The reaction was stopped by incubating the stop/wash buffer, and sections were incubated with an anti-digoxigenin peroxidase conjugate at RT for 30 min, and then 3,3=-diaminobenzidine was applied to develop color for 3 min at RT. Harris' hematoxylin was used as a counterstain and mounted in Cytoseal. A negative control was also prepared from additional slides. TUNEL-positive cells were determined by randomly counting 10 fields of the section and counted in a double-blind fashion using MicroAuite Biological Suite software and expressed as cells per square millimeter of myocardium (18, 40) .
Western blot for phospho-protein kinase b and NADPH oxidase 2, phosphatidylinositol 3-kinase, transforming growth factor-␤ 1, and AT1R protein expression. LV tissue was homogenized in lysis buffer, the supernatant was collected, and protein content was detected with a Coomassie protein assay reagent (Thermo Scientific). Protein extracts (60 g/lane) were separated out in 10% SDS-PAGE under reducing conditions and electrotransferred to a nitrocellulose membrane (Amervehicle Biosciences). Membranes were blocked in buffer (TBS-0.1% Tween 20 containing 5% nonfat milk) and incubated overnight at 4°C with either 1) a rabbit polyclonal antibody against total protein kinase B (Akt) or phospho-Akt (p-Akt) (1:1,000; Cell Signaling Technology), 2) a monoclonal antibody against NADPH oxidase (Nox) 2 (1:1,000; BD Transduction), 3) a rabbit polyclonal antibody against phosphatidylinositol 3-kinase (PI 3-kinase) p85 (1: 1,000; Cell Signaling Technology), 4) a monoclonal antibody against transforming growth factor (TGF)-␤ 1 (2 g/ml; R&D System), 5) a rabbit polyclonal antibody against the NH2-terminal extracellular domain of AT1R (1:500, SC-1173; Santa Cruz Biotechology), or 6) a rabbit polyclonal antibody against glyceraldehyde-3-phosphate dehydrogenase (GAPDH, 1:3,000; Cell Signaling Technology). Membranes were washed and incubated with horseradish peroxidaseconjugated secondary antibodies (1:2,000; Amersham Biosciences) for 1 h at RT. Immunoreactive bands were detected by a chemiluminescent reaction (ECL kit; Amersham Pharmacia) and semiquantified by densitometry. p-Akt was normalized by total Akt, and Nox2, PI 3-kinase, TGF-␤ 1, and AT1R proteins were normalized by GAPDH. Results were expressed as the ratio of the density of specific bands to the corresponding internal controls.
Data analysis. All data were expressed as means Ϯ SE. Student's two-sample t-test was used to compare differences between strains or between treatments within strains. When multiple comparisons were performed, Hochberg's step-up procedure was used to adjust the P values. The family-wise type I error rate was set at 0.05.
RESULTS
SBP, heart rate, and cardiac function. Basal SBP was similar among groups and remained unchanged in vehicletreated groups. DOCA-salt increased SBP during the 8-wk treatment period, and no strain difference was found (Fig. 1A) . Valsartan had no effect on SBP in either strain (Fig. 1A) . Total heart weight (THW) and LV mass were similar in control groups of both strains, confirming that, in the absence of hypertension, cardiac ANG II does not cause hypertrophy. DOCA-salt hypertension increased THW and LV mass in both strains, but had a greater effect in Tg-ANG II (Fig. 1B) .
Valsartan lessened THW and LV mass in the Tg-ANG II but had no effect on n-Tg. Heart rate and ejection fraction were similar in both normotensive controls, and DOCA-salt had no significant effect on either strain despite increased SBP and hypertrophy. Valsartan also had no effect on heart rate and ejection fraction (Table 1) .
Myocyte size and LV interstitial and perivascular collagen. MCSA was similar in normotensive controls of both strains, but ICF and PVC were significantly higher in Tg-ANG II than in n-Tg mice (Figs. 2 and 3) . DOCA-salt increased MCSA, ICF, and PVC in both strains; however, they were significantly higher in Tg-ANG II. Valsartan decreased all three parameters in Tg-ANG II but not in n-Tg (Figs. 2 and 3) .
Macrophage infiltration, TGF-␤ 1 protein expression. Macrophages were seen infiltrating the myocardial interstitium similarly in vehicle-treated controls. DOCA-salt increased macrophage infiltration in both strains but more so in Tg-ANG II. Valsartan lowered the macrophage count in Tg-ANG II but not in the n-Tg group (Fig. 4, A and B) . TGF-␤ 1 protein expression was the same in both control groups and rose in response to DOCA-salt in both strains, although the increase was significantly greater in Tg-ANG II. Valsartan significantly reduced TGF-␤ 1 protein expression in Tg-ANG II but not in n-Tg (Fig. 5A) .
TUNEL-positive cells, Akt phosphorylation, and PI 3-kinase protein expression.
A few TUNEL-positive cells were found in the heart of normotensive controls, and no strain difference was detected. Their number increased with DOCA-salt in both strains, but more so in Tg-ANG II; moreover, valsartan re- duced TUNEL-positive cells in Tg-ANG II but not in n-Tg (Fig. 5B) . PI 3-kinase protein expression and Akt phosphorylation were similar in both control groups. DOCA-salt reduced PI 3-kinase protein expression and downregulated Akt phosphorylation in Tg-ANG II but not in n-Tg. Valsartan restored PI 3-kinase protein expression and partially Akt phosphorylation in Tg-ANG II and had no effect on these parameters in the n-Tg mice (Fig. 6, A and B) .
Nox2 and urinary 8-isoprostane excretion. Low levels of Nox2 protein were detected in the LV in vehicle-treated controls of both strains. DOCA-salt increased Nox2 protein significantly more in Tg-ANG II. Valsartan significantly reduced Nox2 protein expression, whereas Nox2 in n-Tg was not affected by valsartan (Fig. 7A) . Urinary 8-isoprostane, an index of oxidative stress, was similar in both controls. DOCA-salt increased urinary 8-isoprostane excretion significantly in both strains but more so in Tg-ANG II. Valsartan decreased urinary 8-isoprostane excretion in Tg-ANG II but not in n-Tg (Fig. 7B) .
Urine volume and albuminuria. Urine volume and urinary albumin excretion were similar in control groups. DOCA-salt increased urine volume and albumin excretion similarly in both n-Tg and Tg-ANG II groups. Valsartan caused an insignificant drop in urine volume in both strains and had no effect on albuminuria (Table 1) .
Cardiac AT 1 R protein expression and PRC. AT 1 R protein expression was similar in both vehicle-treated controls. DOCA-salt had no significant effect on AT 1 R expression in either strain with or without valsartan treatment (Fig. 8A) . PRC was the same in control groups. DOCA-salt suppressed PRC similarly in both n-Tg and Tg-ANG II. Valsartan increased PRC slightly but significantly in both strains, and no strain difference was detected (Fig. 8B) .
DISCUSSION
Several clinical trials have documented the beneficial effects of RAS inhibition in preventing secondary cardiovascular events (2, 5, 24, 38) . However, because of the pleiotropic effects of ANG II, it is difficult to determine whether this benefit is solely due to a reduction in blood pressure or depends on inhibiting the direct actions of ANG II on the heart as well. Tg-ANG II mice provide a unique model to investigate the contribution of the local RAS to cardiac pathology, since ANG II only increases in the heart. In agreement with previous reports (25), our results confirm that cardiac ANG II does not cause cardiac hypertrophy in the absence of other contributing factors such as hypertension or ischemia. However, when pathological stimuli were applied such as MI as we reported previously, Tg-ANG II mice exhibited a more severe reduction in contractility than their n-Tg littermates (40) , suggesting that ANG II could aggravate disease by acting directly on the heart. For this reason, we sought to extend our previous findings by testing whether local ANG II also potentiates cardiac remodeling in animals with hypertension. To test this hypothesis, we gave DOCA-salt to Tg-ANG II mice to suppress their circulating renin and ANG II but at the same time to induce hypertension (1, 21) , which allows us to assess the effects of elevated cardiac ANG II in the context of a decreased circulating ANG II and increased systemic blood pressure. We found that DOCA-salt-treated mice had significantly low levels of plasma renin and increased blood pressure that did not respond to valsartan, confirming that the endogenous RAS was suppressed by DOCA-salt. Although blood pressure increased similarly with DOCA-salt in both strains, the Tg-ANG II mice exhibited greater increases in cardiac and perivascular collagen and hypertrophy as well as inflammation and oxidative stress, as evidenced by increased macrophage infiltration, TGF-␤ 1 and Nox2 expression, and urinary 8-isoprostane excretion. They also had increased AT 1 R expression and decreased PI 3-kinase protein and Akt phosphorylation together with an increased number of TUNELpositive cells compared with n-Tg hypertensive mice. Moreover, following valsartan administration, only the Tg-ANG II mice had reduced LV hypertrophy, interstitial and perivascular fibrosis, macrophage infiltration, TGF-␤ 1 and Nox2 expression, and urinary 8-isoprostane excretion, which all developed without significant changes in heart function. Taken together, our data may suggest that upregulation of cardiac AT 1 R induced by mechanical stretch (pressure overload due to hypertension and volume overload due to DOCA-salt) and ANG II acting on its receptor as well as DOCA per se acting on the mineralocorticoid receptor all contribute to the enhanced inflammation, oxidative stress, and apoptosis observed in Tg-ANG II mice, thereby exaggerating cardiac remodeling.
Growing evidence indicates that production of ROS plays a crucial role in ANG II-induced cardiac damage (23, 35) . The predominant source of ROS is Nox (34, 45) . To date, five Nox isoforms have been identified, with the heart primarily expressing Nox2 (34, 45) . In vitro studies have demonstrated that ANG II is one of the most potent stimuli for Nox2 activation and generation of ROS (35) . ROS could serve as both intercellular and intracellular second messengers, modulating the signaling molecules involved in myocyte growth, apoptosis, and release of proinflammatory mediators (34, 35) . DOCA is a mineralocorticoid receptor agonist (28) and is reportedly involved in myocardial Nox activation, causing interstitial fibrosis (9) . In the present study, we found that, under basal conditions, overexpression of cardiac ANG II had no effect on Nox2 expression and 8-isoprostane excretion, a marker of oxidative stress. DOCA-salt increased Nox2 protein expression and 8-isoprostane excretion in both strains; however, the increases were greater in Tg-ANG II even though blood pressure was similar in both strains. These data may indicate that the mechanism(s) behind the increase in Nox2 and 8-isoprostane may be different between the two strains. In n-Tg mice, DOCA-salt suppressed the RAS but increased Nox2 and 8-isoprostane, and this increase was not affected by valsartan, indicating that the increased oxidative stress in n-Tg mice was not related to angiotensin or its receptors but rather was the direct result of the DOCA-salt. On the other hand, in Tg-ANG II mice, the increase in Nox2 and 8-isoprostane stemmed from not only a direct effect of DOCAsalt but also cardiac ANG-induced oxidative stress via the AT 1 R, which could explain why Nox-2 and 8-isoprostane rose more and was reduced by valsartan in the Tg-ANG II mice.
Increased inflammation also contributes to ANG II-induced cardiovascular injury. ANG II is known to exert a profound proinflammatory action in addition to its vasoconstrictor effect (29, 32) . In particular, it increases monocyte chemoattractant protein (MCP-1), a prominent chemokine that regulates monocyte/macrophage infiltration via the AT 1 R (11, 13, 29) and enhances the release of ROS from these inflammatory cells (4, 7) . We found that macrophage infiltration and TGF-␤ 1 expression in Tg-ANG II mouse hearts were markedly increased compared with n-Tg in response to DOCA-salt. The heightened macrophage infiltration is most likely due to the increase in MCP-1 brought about by ANG II. Valsartan significantly reduced both macrophage infiltration and TGF-␤ 1 expression in Tg-ANG II, suggesting that enhanced inflammatory response and oxidative stress induced by cardiac ANG II may be largely responsible for the exaggerated myocyte hypertrophy and fibrosis observed in hypertensive Tg-ANG II mice. ANG II-induced ROS generation reportedly leads to myocyte apoptosis and necrosis (36) . One of the targets of ROS is the serine-threonine kinase Akt, a key anti-apoptotic molecule that regulates cell growth and survival (8, 14) . Activation of Akt preserves cardiomyocyte function both in vitro and in vivo, whereas inhibition of Akt greatly accelerates hypoxiainduced cardiomyocyte dysfunction (15) . Furthermore, Akt gene transfer to the heart diminishes cardiomyocyte apoptosis and limits infarct size following ischemia-reperfusion injury (6) . We found that cardiac overexpression of ANG II reduced PI 3-kinase protein expression in mice treated with DOCA-salt. Phosphorylation of Akt, the downstream target of PI 3-kinase, was also impaired in Tg-ANG II mice with DOCA-salt hypertension, associated with an increased number of TUNELpositive nuclei in cardiomyocytes. Valsartan restored PI 3-kinase expression and Akt phosphorylation and decreased apoptosis. Taken together, these data suggest that the increased myocyte apoptosis seen in Tg-ANG II mice may be mediated by ANG II-induced downregulation of PI 3-kinase and Akt via the AT 1 R.
Study limitations are as follows. 1) First is evaluation of LV diastolic function. Although LV systolic function was well preserved in Tg-ANG II mice, we could not exclude the possibility that cardiac ANG II impairs diastolic function, particularly in the presence of DOCA-salt. Although the pressure-volume conductance system offers sensitive measurement of LV diastolic function, we cannot use it with DOCA-salt, since high plasma sodium interferences with the conductance signal, making data unreliable. Doppler mitral velocity (E/A ratio) could be an indication for diastolic properties; however, obtaining E/A is not feasible, since we could not record ECG in awake mice. Without an ECG trace, it is almost impossible to correctly identify E and A waveforms in mice that have a heart rate Ͼ600 beats/min. 2) Second is the possible role of the AT 2 R in the cardioprotective effect of valsartan. We previously showed that the therapeutic effects of AT 1 R blockers were mediated in part by activation of AT 2 R. Thus it is possible that, during AT 1 R blockade in Tg-ANG II mice, cardiac ANG II acts on the AT 2 R, contributing to the cardioprotective effect of valsartan. This needs to be investigated further. 3) Thirdly, despite their enhanced inflammatory, hypertrophic, and fibrotic responses to DOCA-salt, Tg-ANG II mice have well-preserved LV systolic function, possibly because the experiments are short and heart function is still undergoing compensation. Prolonging the experimental period would be a future consideration. Nevertheless, these limitations do not detract from the importance of the present work demonstrating that ANG II released from the heart acts as a paracrine/autocrine hormone, promoting inflammation and oxidative stress and causing cardiac hypertrophy and fibrosis via the AT 1 R.
In summary, we believe our data demonstrate for the first time that ANG II released from the heart acts locally to exacerbate hypertrophy and fibrosis in mice with DOCA-salt hypertension, working independently of the systemic RAS. Inflammation, activation of redox-dependent signaling, and downregulation of Akt phosphorylation may be largely responsible for the detrimental action of cardiac ANG II. Blockade of AT 1 R partially reversed all of these harmful effects of cardiac ANG II without altering blood pressure. Taken together, our findings suggest that cardiac ANG II, acting on the AT 1 R, promotes inflammation and oxidative stress and aggravates cardiac remodeling in hypertensive heart.
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